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ABSTRACT 

The present study was conducted to evaluate the groundwater quality and its 
suitability for drinking purpose, in the Gabharu river basin, North-East India, with reference 
to water quality index. Water quality index, indicating the water quality in terms of index 
number, offers a useful representation of overall quality of water for public use as well as 
water quality management. Groundwater samples from 23 selected locations were taken 
for investigation and analysed for chemical parameters including pH, Electrical 
conductivity, Hardness, Total Dissolved Solid, Sodium, Potassium, Calcium, Magnesium, 
Bicarbonate, Chloride, Sulphate, Fluoride and Iron with regard to drinking water standards 
and assessed for their suitability for human consumption. The analysis resulted that the 
northern part of the lower catchment area is contaminated, thereby experiencing water 
quality which is not suitable for drinking purposes. Whereas, towards the southern part of 
the study area, the groundwater is of good quality. 
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INTRODUCTION 

 
Groundwater is considered as the major and secure source of water supply all over 

the world and it is a precious natural resource (Todds and Mays,2005). It is estimated that 
approximately one third of the world’s population uses groundwater for drinking purpose 
(UNEP 1999). Water is a major factor that affects health of a person. According to WHO, about 
80% of all the diseases in human beings are caused by contaminated water. Therefore, it 
becomes essential to determine the suitability of groundwater based on its quality. Quality of 
groundwater is greatly influenced by the sub-surface geology of a particular area. 
Groundwater quality varies due to changes in chemical composition of the underlying 
sediments and aquifers (Jameel 2002). Hydrochemical study of water reveals whether the 
quality of water is suitable for drinking and other purposes or not. In specifying the quality 
characteristcs of groundwater, chemical, physical and biological analyses are normally 
required (Todd, 1980). 

 
Water Quality Index (WQI) is one of the most effective ways to describe the quality of 

water. A number of water quality parameters are included in a mathematical equation to rate 
water quality, determining the  suitability of water for drinking (Ochuko et al., 2014).  WQI has  
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the capability to reduce the bulk of the information into a single value to express the data in a 
simplified and logical form (Babaei et al., 2011). In the present study it is aimed to determine 
the fitness of various water samples of the study area for drinking purposes, using a reliable 
drinking water quality indexing system, even for a layman to understand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Map showing study area. 

STUDY AREA 

The Gabharu river basin is a tributary basin of the river Brahmaputra lying on the 
northern side of the Brahmaputra river. It is a sixth order basin lying partly in the West Kameng 
district of Arunachal Pradesh and partly in the Sonitpur district of Assam Fig. 1). The Gabharu 
river originates from the west Kameng district of Arunachal Pradesh and flows down for about 
52 km along a NNW-SSE course through the alluvial plains of Sonitpur district before meeting 
the Brahmaputra river near Gabharumukh. Geologically, the area is constituted of the Siwalik 
Group of sediments in the upper catchment whereas the lower part is consisting of the 
Quaternary sediments (Fig 2). The Quaternary formation consists of mainly unconsolidated 
sediments (sand, silt clay) which can be subdivided into Older and Younger Alluvium. 
Geomorphologically, the area is broadly divided into structural dissected hills and valleys in 
the northern part upper reaches of the basin. The lower reaches which constitute the area of 
study consists of piedmont alluvial plains, older alluvium and active flood plains (Fig 3). The 
study area is limited to the lower catchment of the Gabharu river basin, due to the absence of 
wells in the upper catchment of the basin. 

METHODOLOGY 

A total of twenty-three groundwater samples were collected during the pre-monsoon 
season (2015). The samples were collected in PET bottles from dug wells. Standard laboratory 
methods prescribed by APHA (1995) were used for the determination of physical and chemical 
characteristics of the groundwater samples. To determine the suitability for drinking water, the 
standard guideline values recommended by the Bureau of Indian Standard (BIS, 2012) for 
drinking water purposes was compared with parameters of groundwater samples in the study 
area. 

Water Quality Index (WQI): WQI was initially developed by Horton (1965). Furthermore, a new 
WQI similar to Horton’s index was developed by Brown et al. (1970). Recently considerable 
advancement has been made by various scientists and experts (Smith,1990; Dojlido et al.,  
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Fig. 2: Geological map of the study area (after Geological Survey of India) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Geomorphological map of the study area (after BHUVAN, India) 
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1994; Stambuk – Giljanvoic,1999; Pesce and Wunderlin, 2000; Nagel et al., 2001; Nairian, 
2007; Singh et al., 2008) based on the principle of WQI using slightly modified concepts.For 
computing WQI three steps are followed. In the first step, each of the parameters has been 
assigned a weight (wi) according to its relative importance in the overall quality of water for 
drinking purposes. Generally, weightages are assigned from 1 to a maximum of 5. In the 
present study weightages ranging from 1 to 3 has been assigned depending on their 
importance in water quality determination. In the second step, the relative weight (Wi) is 
computed from the following equation: 

Wi = wi / ∑ wi (i=1to n)  

Where, Wi   is the relative weight, wi is the weight of each parameter and n is the number 
of parameters. The relative weight of each parameter is given in Table- 2. 

In the third step, a quality rating scale (qi) for each parameter is assigned by dividing 
its concentration in each water sample by its respective standard according to the guidelines 
laid down by BIS (2012) and the result multiplied by 100: 

qi  = (Ci / Si) x 100 

where, qi is the quality rating, Ci is the concentration of each chemical parameter in 
each water sample in mg/l, and Si is the guideline value as given in Indian drinking water 
standard (BIS,2012).  

For computing the WQI, the SI is first determined for each chemical parameter, which 
is then used to determine the WQI as per the following equation: 

 SIi = Wi x qi   

 WQI = ∑SIi 

Where, SIi is the sub index of ith parameter, qi is the rating based on concentration of 
ith parameter and n is the number of parameters. The calculated WQI values are shown in 
Table-3. The type of water according to WQI values are classified into following categories 
(Table-1): 

Table-1:  Type of water according to WQI. 
 

WQI range Type of water 

<35 Excellent 

35-45 Good 

45-55 Moderate 

55-65 Poor 

 65-75 Very poor 

>75 Not suitable for drinking 

 
 
RESULTS AND DISCUSSION 

 

A set of thirteen water quality parameters viz. pH, electrical conductivity (EC), 
Hardness (TH), Total Dissolved Solid (TDS), Sodium (Na), Potassium (K), Calcium (Ca), 
Magnesium (Mg), Bicarbonate (HCO3), Chloride, Sulphate, Fluoride and Iron were selected to 
evaluate the WQI of groundwater for twenty-three locations under study area to assess the 
suitability of groundwater for drinking purposes. 

pH: pH generally signifies the degree of acidity or alkalinity of a water sample. The permissible 
limit of pH for drinking purposes (BIS, 2009) is 6.5 to 8.5. The pH of groundwater in the area 
ranges from 5.4 to 7 indicating almost unobjectionable water for drinking purpose. 
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Table- 2:  Weight(wi) and relative weight (Wi) of each parameter. 

Parameter BIS 
Standard 

Weightage 
(wi) 

Relative 
weight (Wi) 

pH 6.5-8.5 1 0.058823529 

EC 300 1 0.058823529 

Hardness 200-600 1 0.058823529 

TDS 500-2000 1 0.058823529 

Sodium 50-200 2 0.117647059 

Potassium 10-.12 1 0.058823529 

Calcium 75-200 1 0.058823529 

Magnesium 30-100 1 0.058823529 

Bicarbonate 300-600 1 0.058823529 

Chloride 250-1000 1 0.058823529 

Sulphate 200-400 1 0.058823529 

Fluoride 1-1.5 2 0.117647059 

Iron 0.3 3 0.176470588 

  ∑wi=17 ∑Wi=1 

 
Electrical Conductivity (EC): Electrical conductivity is the measurement of the dissolved 
material in an aqueous solution. The desirable limit of EC for drinking purpose is 300 µS/cm. 
In the present study the EC varies from 83.02 µS/cm to 786.6 µS/cm. 

Hardness: Presence of calcium and magnesium are mainly responsible for hardness of water. 
In the present study area hardness ranges from 2 to 118, which is within the permissible limits. 

Total Dissolved Solids (TDS): TDS is the dissolved organic matters and inorganic salts present 
in water. The concentration of TDS for the water samples ranged from 84.52 to 1082 mg/l. 
The permissible limit for TDS is 2000 mg/l. 

Sodium and Potassium: Sodium and Potassium are common in many rocks and so these are 
present in all groundwater. The permissible limit for Sodium is 50-200mg/l and for Potassium 
is 10-12 mg/l. The study area has Sodium concentrations ranging from 3.62 to 109.29 mg/l, 
which is within permissible limit but concentrations of Potassium are water above permissible 
limit in many samples, ranging from 2.24 to 107.8 mg/l.  

Calcium and Magnesium: The concentration of Calcium and Magnesium ranges from 0.32 to 
36.0 mg/l and 0.3 to 13.18 mg/l respectively. The limit is 75 mg/l and 30 mg/l respectively for 
drinking purposes. Higher concentration of calcium and magnesium causes hardness of 
water. 

Bicarbonate: It comes due to action of carbon dioxide in water on carbonate rocks such as 
limestone and dolomite. In the present study it ranges from 24.4 to 158.6 mg/l, which is under 
permissible limit of 300-600 mg/l. 

Chloride: Chloride in water leaches from various rocks by the process of weathering. The 
chloride content of groundwater in the area ranges from 1to 70 mg/l which is under desirable 
limit (250 mg/l).   

Sulphate: Sulphates are dissolved from rocks containing gypsum, iron sulphides and other 
sulphur compounds. The permissible limit 200 mg/l. The Sulphate content of groundwater in 
the area ranges from 0 to 54 mg/l indicating very less concentration of Sulphate for drinking 
purposes. 
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Fluoride: Concentration of Fluoride in the area ranges from 0.06 to 0.32 mg/l, indicating 
unobjectionable for drinking purposes. The permissible limit is 1-1.5 mg/l. 

Iron: Iron is dissolved from rocks and soils. Except for 8 samples whose iron content ranges 
from 0.4 to 18 mg/l, all other samples contain less concentration of iron (0.02 to 0.24 mg/l), 
the permissible limit being 0.3 mg/l. 

Out of 23 samples, 9 samples are found to be of excellent to good quality for drinking 
purpose. The rest of samples resulted to be of moderate quality to unsuitable for drinking 
purposes. Fig. 4 a, b shows the areal distribution pattern contour map, for the thirteen 
parameters considered for our study area. Except for Electrical Conductance, Potassium and 
Iron, other parameters are within the permissible limit as per the guidelines laid down by Indian 
Standard (BIS, 2012) and pose no threat to drinking water suitability. 

On the basis of all the parameters, a WQI map has also been drawn (Fig. 5), showing 
the sample locations. The map shows that the northern part of the lower catchment area of 
the Gabharu river basin is not suitable for drinking purposes. These comprises of 46.04% of 
the total area of study. The 35.99% of the area of study has drinking water quality from 
moderate to very poor. The map shows that towards the southern part comprising of 13.27% 
of the study area, the groundwater is of good quality for drinking purposes. Excellent quality 
of groundwater occupies an area of 4.7% of the lower catchment of the Gabharu river basin. 

Table- 3: Water quality index of groundwater samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

S. No. Location WQI value Classification 

1 Bargaon chapari 41.54389119 Good 

2 Teliagaon 44.90208121 Good 

3 Putiyapukhuri 19.47793354 Excellent 

4 Barbil 68.88518825 Very poor 

5 Meghai  Jaroni 19.72923973 Excellent 

6 Kalakuchi 57.28202084 Poor 

7 Khelmati 48.31028639 Moderate 

8 Samukiyagaon 205.5335743 Not suitable 

9 Bahumari 42.15294093 Good 

10 Bandarmari 31.76512808 Excellent 

11 Tamolbari 932.7370421 Not suitable 

12 Geruagaon  69.09888352 Very poor 

13 Barua Doloni 303.1348109 Not suitable 

14 Paglabil 1080.446001 Not suitable 

15 Bheluatair 129.1564702 Not suitable 

16 Sonajuli TE  134.4905877 Not suitable 

17 Dhendai TE  40.01260915 Good 

18 Tarajuli TE 113.7698937 Not suitable 

19 Gabharu river 22.46150818 Excellent 

20 Nepalibasti 124.5890796 Not suitable 

21 Kalamati 59.44232243 Poor 

22 Rikamari 737.8267259 Not suitable 

23 Lakhopara 65.55773734 Very poor 
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Fig. 4(a):  Spatial distribution map of different parameters. 
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Fig. 4(b):  Spatial distribution map of different parameters. 
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Fig. 5: WQI map of the area showing sample locations. 

CONCLUSION 

 
Groundwater in the study area occurs at shallow aquifers within a depth of 2m from 

the surface. The direction of flow of groundwater is from North to South. In the present study, 
the computed Water Quality Index values ranges from 19.47 to 1080.44. The categories of 
water quality as per WQI is based on a range of 0 -100. The WQI map shows higher range of 
values towards the northern part of the lower catchment area, indicating that the groundwater 
in this region is contaminated, whereas, towards the southern part of the basin, the 
groundwater is of good quality. The tea gardens present near both the banks of the Gabharu 
river in the northern part of the basin whereas there are no tea gardens towards the southern 
part of the catchment area. This situation suggests possible infiltration of pollutants into the 
shallow aquifer zone in the area leading to contamination of the groundwater. The Gabharu 
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river is a groundwater fed river, flowing from north to south, thus the contamination of 
groundwater can lead to contamination of river water as well. 

 
The study shows that Water Quality Index (WQI) is one the most effective method of 

measuring water quality. Based on WQI values, it is possible to have an insight into the status 
of overall suitability of water in a particular area. This type of study improves the understanding 
of the water quality of a fluvial system and helps in the management and protection of 
groundwater resource. 
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